Abstract: Few studies have examined the association between dietary sugar intake and obesity in Asian children and adolescents. We evaluated the association of dietary sugar intake and its food source with obesity in Korean children and adolescents. In this cross-sectional analysis, data were obtained from five studies conducted between 2002 and 2011. The study included 2599 children and adolescents who had completed more than three days of dietary records and had anthropometric data. Total sugar intake was higher in girls than in boys (54.3 g for girls and 46.6 g for boys, p < 0.0001). Sugar intake from milk and fruits was inversely associated with overweight or obesity in girls only (OR for overweight, 0.52; 95% CI, 0.32-0.84; p for trend = 0.0246 and OR for obesity, 0.42; 95% CI, 0.23-0.79; p for trend = 0.0113). Sugar-sweetened beverage (SSB) consumption was not associated with obesity in girls, while boys had lower odds ratios for obesity (OR for obesity, 0.52; 95% CI, 0.26-1.05; p for trend = 0.0310). These results suggest that total sugars and SSB intake in Asian children and adolescents remains relatively low and sugar intake from milk and fruits is associated with a decreased risk of overweight or obesity, especially in girls.
Introduction
Obesity in childhood and adolescence is a major public health concern worldwide. The prevalence of obesity in children and adolescents has remained high and was 16.9% for two-to 19-year-olds in the United States, 14% for two-to 15-year-olds in the UK and 12.6% for eight-to 17-year-olds in Spain [1] [2] [3] .
In Korea, the pediatric obesity rate has increased almost two-fold in the previous decade. The prevalence of obesity in young Korean boys was 12.2% and 7.2% in girls among two-to 18-year-old subjects [4, 5] . Childhood obesity is associated with increased risks of chronic diseases such as diabetes and cardiovascular diseases [6, 7] . Moreover, approximately 70% of obese adolescents remain obese in adulthood [8] , thus preventing and managing obesity in childhood and adolescence is important.
Although complex interactions of genetic, metabolic, cultural, environmental, socioeconomic and behavioral factors contribute to obesity, dietary factors are major determinants of childhood obesity [9] .
A review paper reported that excessive energy intake, the frequency of daily meals, eating alone and snack and beverage consumption were associated with childhood obesity [10] . Along with the rapid economic development and adaptation to a Western lifestyle over the past four decades, the dietary patterns of the Korean population, especially Korean adolescents, have been gradually changing. Song et al. [11] reported that Korean adolescents followed a secular trend from the traditional Korean diet to a Western diet between 1998 and 2005, which is associated with obesity. One characteristic of this shift to a Western diet is higher dietary sugar intake from processed foods. Recently, a number of studies investigated the association of sugar intake with weight gain or obesity. Based on a meta-analysis of 15 cohort studies that included children, high consumption of sugar-sweetened beverages (SSBs) at baseline was associated with an increased risk of overweight or obesity at follow-up [12] , but no study included Asian children. Several studies examined sugar intake in Asian children but focused on sugar intake from SSBs [13] [14] [15] . According to the 2010-2012 Korea National Health and Nutrition Examination Survey (KNHANES), the sugar intake of Korean children and adolescents gradually increased from 66.5 g to 69.6 g in six-to 11-year-olds and 76.5 g to 80.0 g in 12-to 18-year-olds and was highest in adolescents aged 12-18 years among all age groups [16, 17] . Considering the increasing trend in sugar intake, examining the associations of pediatric obesity with dietary sugar intake in the Asian population is necessary. Thus, in this study we evaluated dietary sugars and their food sources and examined the association of sugar intake with obesity in Korean children and adolescents.
Methods

Study Population and Data Collection
Data were obtained from five studies conducted on Korean children and adolescents between 2002 and 2011. Inclusion criteria for the secondary data analysis were that the study assessed quantitative dietary data, which included more than three days of dietary records for children and adolescents without any diseases. All five studies used the same protocols to assess dietary intake and included anthropometric data, although outcome variables such as bone mineral density or food allergy varied among the studies. Details of the five studies have been previously described [18] [19] [20] [21] [22] , and the outline of each study is given in Appendix Table A1 . The initial sample included 4953 children and adolescents 9-14 years of age recruited from seven elementary schools, two middle schools and a pediatric center through the university hospital in or near the Seoul metropolitan area. Inclusion criteria were if a subject completed at least three or more days of dietary records and general demographics such as age and gender without any specific disease (n = 4088). Among the 4088 eligible subjects, we excluded those with missing information regarding anthropometric measurements such as height and weight (n = 95) and missing data for maternal education (n = 1255) and physical activity (n = 139). The final sample consisted of 2599 children and adolescents (1048 boys and 1551 girls) 9-14 years of age. This study was approved by the Institutional Review Board of Seoul National University, Republic of Korea, and written informed consent was obtained from all participants (E1501/001-010).
Dietary Measurement and Sugar Intake
Dietary data were collected by dietary records for 3-7 days. Each subject was instructed on how to record dietary information in person by a trained staff member and asked to complete three days or more including one weekend day. The completed dietary records were reviewed by trained staff and incomplete or unclear records were clarified with the subjects at the interview.
All nutrient intakes were calculated using the CAN-Pro 3.0 (Computer Aided Nutritional Analysis Program, the Korean Nutrition Society) or DS24 (Seoul National University in Korea) software. To evaluate the adequacy of nutrient intake, the Dietary Reference Intakes for Koreans [23] was used and energy intake was compared with age-and gender-specific Estimated Energy Requirement (EER); other nutrients were compared with the Recommended Nutrient Intake (RNI).
Daily sugar intake was calculated using a total sugar database recently established for Korean food items by Lee et al. [17] and expanded in this study. However, the database only contains the total sugar amount for each food item; therefore, added sugars and non-milk extrinsic sugar intake could not be calculated. Thus, total sugar intake according to food source was evaluated by grouping four major food sources: fruits, milk, processed foods and commodity-type foods. Fruits included fresh fruits, dried fruits and 100% fruit juices, and milk included only white milk (whole, low-fat and nonfat). Processed foods included all types of beverages, breads and snacks, flavored milk and yogurt, ice cream and frozen confections, sweets, jams and other similar items. Commodity-type foods were defined as non-processed foods excluding milk and fruits (which were reported separately) that include non-processed ingredients such as grains, potatoes and starches, fishes and shellfishes, seaweeds, meat, eggs, vegetables, nuts, and mushrooms.
Because SSBs are major contributors to added sugar intake, we evaluated SSB intake. SSB was defined as all types of beverages including carbonated beverages, fruit and vegetable drinks, sports drinks, flavored soy milk, sweetened tea and coffee drinks, but excluding brewed coffee/tea and 100% fruit juices.
Regarding SSB intake, subjects were classified into three groups; non-drinkers who did not consume any beverage during the study period, light drinkers who consumed <200 mL/day and moderate drinkers who consumed ě200 mL/day. The common serving size of a beverage, 200 mL, was used as the cut-off value.
Anthropometric Measurements and Pediatric Obesity
Anthropometric data consisted of height and weight and were measured by trained surveyors in most of the studies (92% of subjects). Only in one study (8% of subjects) data were self-reported by subjects or their parents. The body mass index (BMI) was calculated as body weight in kilograms divided by the square of body height in meters (kg/m 2 ).
Pediatric overweight or obesity were defined using national reference age-and gender-specific percentiles of BMI from the Korean Growth Chart (2007); overweight if 85th percentile ď BMI < 95th percentile, obesity if ě95th percentile or BMI ě 25 kg/m 2 . Subjects in which these percentiles overlapped with BMI within the overweight range but more than 25 kg/m 2 were considered obese.
Confounding Variables
Confounding variables included basic characteristics such as age and gender and socioeconomic characteristics such as maternal educational level. Among lifestyle factors, physical activity levels were obtained.
Due to distinct differences in physical growth, we stratified all analyses according to gender (boys and girls). Because data used in this study were pooled from five studies, the study number was used as a covariate. In addition, each study had different variables and categories. Maternal education was divided into three categories: middle school or less, high school and college or more. Physical activity was measured differently in each study (time per day or number of sessions per week, or a combination of both). We categorized the population by physical activity as either physically active or not physically active. We defined "physically active" as those participating in moderate or vigorous physical activity for at least 20 min per day, or three days out of the last seven days [4] .
Statistical Analyses
All statistical analyses were conducted using Statistical Analysis System (SAS version 9.3, SAS Institute, Cary, NC, USA). All p-values were two-sided and p < 0.05 was considered to indicate statistical significance.
Demographic and anthropometric variables were expressed as means˘standard deviation for continuous variables and percentage (%) for categorical variables. Continuous variables were tested across genders using the generalized linear model (GLM) and categorical variables were tested using the chi-square test.
Mean daily nutrient intake and sugar intake from food sources were estimated using GLM and expressed as adjusted mean˘standard error. To better identify the pattern of sugar intake, we also categorized the samples by age group. The two groups were split between primary (9-11 years of age) and secondary (12-14 years of age) school students, which is an important demographic distinction to make. We then estimated their percent contribution of sugar intake. Sugar intake from milk and fruits and processed foods by each gender were energy-adjusted using the residual method. A multinomial logistic regression analysis was performed to estimate odds ratios (ORs) and 95% confidence intervals (CI) for pediatric overweight and obesity across quartile groups and p for trend was also calculated with the lowest quartile set as the reference. Association of SSB with pediatric overweight and obesity was also analyzed using a multinomial logistic regression. In the multinomial logistic regression model, overweight and obesity were used as ordered outcomes, and odds ratios were estimated for each outcome on the same model.
Results
General Characteristics of Study Subjects
A total of 2599 Korean children and adolescents were included in our study. Mean age was 11.4˘1.8 years, and 40% were boys and 60% girls. Table 1 presents the general characteristics of subjects according to gender. Height, weight and BMI were significantly higher in boys than in girls (p < 0.0001 for all variables). In particular, boys were more frequently overweight (15.0%) than girls (13.0%). Furthermore, boys (13.9%) were significantly more frequently obese than girls (7.7%; p < 0.0001). Maternal educational level in girls was generally higher than that in boys, but the difference was not significant. Boys tended to have significantly higher physical activity level than girls (p < 0.0001). 2 Overweight was defined as 85th-95th percentile for age, gender-specific BMI; obesity was defined as ě95th percentile or BMI ě 25; 3 Physical activity was defined as "physically active" if subjects participated in moderate or vigorous physical activity for at least 20 min per day, or three days out of the last seven days; 4 All values for continuous variables were tested using a generalized linear model (GLM), and all values for categorical variables were evaluated using the chi-square test.
Nutrients and Sugar Intake
Mean daily nutrient intake and sugar intake from food sources according to gender and age group are shown in Table 2 . The energy intake was 1806.0˘19.1 kcal in boys and 1631.9˘16.9 kcal in girls (p < 0.0001). When comparing energy intake to EER, the mean percent of EER in all groups was less than 100% and significantly lower for boys (78.8% for 9-11 years of age and 78.7% for 12-14 years of age) than for girls (85.2% for 9-11 years of age and 84.1% for 12-14 years of age; p < 0.0001). When comparing vitamin and mineral intake to RNI, boys showed generally higher percent RNI than girls for most nutrients, such as thiamin, niacin and iron. In addition, the nine-to 11-year-old group had a higher percent of RNI than the 12-to 14-year-old group. The percent of RNI ranged from 80% to 120%; however, the most inadequate nutrient was calcium, the percent of RNI for which was 63.9% for nine-to 11-year-olds and 49.3% for 12-to 14-year-olds in boys and 58.6% for nine-to 11-year-olds and 52.8% for 12-to 14-year-olds in girls. Conversely, the most adequate nutrients were thiamin and iron and the percent of RNI for thiamin was 143.5% for nine-to 11-year-olds and 143.8% for 12-to 14-year-olds. The values for iron were 166.6% for nine-to 11-year-olds and 112.3% for 12-to 14-year-olds in boys.
Total sugar intake in all subjects was 51.4˘25.0 g and the average intake in girls was 54.3˘0.8 g, which was significantly higher than that in boys (46.6˘0.9 g) after adjusting for confounding variables including energy intake. The percent of energy from total sugars was 12.5% in girls and 10.8% in boys and differed significantly according to gender.
The major food source of sugar intake in all subjects was processed foods (including beverages, breads and snacks, sweets and others). The mean sugar intake from processed foods in girls was 34.9˘0.6 g and was significantly greater than that in boys (27.9˘0.7 g). Sugar intake from processed foods was significantly higher in 12-to 14-year-olds (25.6˘2.6 g) than in 9-to 11-year-olds (38.0˘2.2 g; p = 0.0060). With the exception of processed foods, fruits were the major food source that contributed to total sugar intake in all groups. Sugar intake from fruits was significantly higher in girls (8.8˘0.4 g) than boys (7.5˘0.4 g; p = 0.0081), whereas sugar intake from milk was slightly higher in boys (6.3˘0.2 g) than girls (5.8˘0.2 g; p = 0.0586). Table 3 shows the multivariate adjusted ORs and 95% CIs for pediatric overweight and obesity across quartiles of dietary sugar intake based on food sources. After adjusting for confounding variables, in girls, sugars from milk and fruits were significantly associated with a lower odds of being overweight (OR for highest quartile, 0.52; 95% CI, 0.32-0.84; p for trend = 0.0246) and obese (OR for highest quartile, 0.42; 95% CI, 0.23-0.79; p for trend = 0.0113). However, no significant association was observed in boys. Moreover, sugars from processed foods were not associated with pediatric overweight or obesity in any group. 1 Sugar intake from milk and fruits or processed foods was energy-adjusted using the residual method and categorized into quartiles; 2 Overweight was defined as 85th-95th percentile for age, gender-specific BMI; obesity was defined as ě95th percentile or BMI ě 25; 3 A multinomial logistic regression analysis was used to test associations between dietary sugars and obesity after adjusting for age, study number, maternal education, and physical activity. Table 4 shows the multivariate-adjusted ORs and 95% CIs for pediatric overweight and obesity across SSB intake. Among subjects, 43% were non-drinkers whereas 10.7% of boys and 7.7% of girls consumed 200 mL or more per day. In terms of the percent of energy from SSB, girls consumed 6.0% of their energy from SSB, which was higher than that in boys (5.8%).
Association between Dietary Sugar Intake and Obesity
Association between Sugar-Sweetened Beverage Intake and Obesity
After adjusting for confounding variables, boys who consumed more than 200 mL per day had 48% lower odds of being obese (OR, 0.52; 95% CI, 0.26-1.05; p for trend = 0.0310) compared to boys who did not drink SSBs; there was a statistically significant trend, but the OR was not statistically significant. However, no significant association was observed in girls. 1 SSB intake was categorized into two groups: those who drank SSB < 200 mL and SSB ě 200 mL per day among SSB drinkers; 2 Overweight was defined as 85th-95th percentile for age, gender-specific BMI; obesity was defined as ě95th percentile or BMI ě 25; 3 A multinomial logistic regression analysis was used to test associations between SSB and obesity after adjusting for age, study number, energy intake, maternal education, and physical activity.
Discussion
In the large sample study of 2599 Korean children and adolescents 9-14 years of age, we found that total dietary sugar intake and its contribution to total energy intake remained relatively low, although the sugar intake from processed foods comprised more than half of the percent of total sugar intake. Regarding dietary sugar intake based on food sources, only sugar intake from milk and fruits was inversely associated with pediatric overweight as well as obesity among girls.
The average daily total sugar intake from three or more days of dietary records was 51.4 g in this study and was comparable with 61.3 g, the recently reported total sugar intake among six-to 11-year-old Korean children from one-day 24-h recall data in a national nutrition survey in 2008-2011 [17] . However, this level of dietary sugar is considerably lower than that of children and adolescents in Western countries. The daily total sugar intake reported was 139 g in one-to 18-year-old subjects in the United States [24] , 107.1 g in 11-to 18-year-old subjects in the UK [25] , and 172 g in boys 14-18 years of age in Canada [26] .
SSB intake was also reported to be lower in an Asian populations compared to a Western population. In this study, the mean SSB intake was 63 mL/day, which was lower than the 127 mL/day reported in a study of Australian children and adolescents 2-16 years of age [27] . The mean energy from SSBs in the present study was 27 kcal/day, which is lower than in children and adolescents in the United States with the values of 141 kcal/day for boys and 112 kcal/day for girls among 6-to 11-year-old subjects and 273 kcal/day for boys and 171 kcal/day for girls among 12-to 19-year-old subjects [28] . Unexpectedly, sugars from processed foods were not associated with pediatric overweight or obesity. Conversely, high SSB intake was associated with the reduced OR of obesity in boys.
Reportedly, high SSB intake is associated with weight gain and obesity, and a recent meta-analysis confirmed this positive relationship; however, all of the studies were conducted in Western children [12, 29] . Only a few studies investigating the association between SSB and obesity in Asian children were performed; however, the results were inconsistent.
SSBs not only contain high amounts of added sugars that lead to adverse health outcomes but also are associated with unhealthy food patterns or eating behaviors [30] . In terms of dietary patterns or eating behaviors among people who consume high amounts of SSB, Asian children and adolescents may have different dietary practices. With the rapid economic growth and adaptation to Western lifestyle, the traditional pattern has shifted to the modified pattern in which high animal foods or sweets (including SSBs) were introduced to the traditional diet [11] . According to studies conducted in Korea and China, higher consumption of SSBs was associated with higher socioeconomic status [31, 32] .
In terms of different dietary practices in Asia, the mixed findings regarding the relationship between SSBs and obesity can be, in part, explained. SSB drinkers consumed more total energy and showed a higher prevalence of obesity in Chinese children [14] and Korean boys 7-12 years of age [33] . Conversely, sugar intake from SSBs and snacks was not significantly associated with weight status in Japanese and Cambodian children [15] .
In general, total energy intake in Asian children and adolescents is lower than in Western children and adolescents. In this study, the average percent of energy intake compared to age-and gender-specific EER was approximately 85% in girls and even less in boys (<80%).
A significant and inverse association of sugar from milk and fruits was observed only in girls. Due to the absence of an added sugars database in Korea, we were unable to evaluate added or free sugars intake. Alternatively, we evaluated dietary sugar intake from various food sources; only sugars from milk and fruits showed a meaningful influence on reduced weight. Milk and fruits have protective effects on weight gain and obesity in children [34] [35] [36] . However, in our study we showed that even sugar intake from milk and fruits has a positive association with obesity, especially in girls, and should be considered when developing strategies for weight management in Korea. Korean girls seek a slim body image and most have tried dieting at least once [37, 38] . Due to the current increased focus on dietary sugar intake, fruits are often misunderstood as a source of a high level of simple sugars.
As children and adolescents grow, they can develop undesirable dietary behaviors in this complex food environment. Among subjects less than 19 years of age, mean energy from added sugars linearly increased with age in United States children [39] and total sugar intake in Korean children showed a similar increasing trend with age [17] . In addition, Canadian adolescents 9-18 years of age consumed more added sugars; conversely, children 1-8 years of age consumed sugars from natural food sources [40] . Lee et al. [33] reported that SSB intake was inversely associated with milk, fruit and vegetable intake in Korean children and adolescents. Our additional analysis showed lower sugar intake from milk and fruits and higher sugar intake from processed foods in subjects 12-14 years of age compared to those 9-11 years of age. Therefore, monitoring not only dietary sugar intake but also the food source is important, and unsweetened milk instead of SSB should be encouraged in this age group along with fresh fruits. In addition, effective nutrition education or policies should be implemented to maintain low sugar intake in Korean children and adolescents.
This study had several limitations. First, the sample was pooled from five previous studies. Although we collected all core information, such as three or more days of dietary records and anthropometric measurements, discrepancies between studies may exist. To minimize this bias, the study number was used as a covariate in all analyses. Second, under-reporting of dietary intake could have occurred because the study subjects were children that completed three or more days of dietary records. Third, we obtained dietary data from three to seven days of food records. Most dietary data included non-consecutive days with at least one weekend day. However 0.1% of subjects did not report for at least one weekend day. This may be a possible source of limitation in estimating usual intake for this population. However, since no study was reported to estimate usual intake for dietary sugars using multiple days of food records, this study provides a meaningful addition to report the dietary sugar intake for Korean children and adolescents.Fourth, SSB intake data in this study were from the previous decade rather than current one because the five original studies were conducted from 2002 to 2011. Due to the rapid growth in the SSB market in Asian countries [13, 41] , the current SSB intake is expected to increase considerably; thus, the association with obesity will differ. Finally, this study was cross-sectional in design, making it difficult to determine a causal relationship between dietary sugar intake and the risk of obesity.
Despite these limitations, this study had several strengths. To the best of our knowledge, this is the first study to estimate dietary sugar intake and the food sources thereof using multiple days of dietary records in a large sample of Asian children and adolescents. Since daily sugar intake or SSB intake was calculated individually from three or more days of dietary records, it should be representative of the usual intake.
Conclusions
In conclusion, dietary sugars or SSB intake in Asian children and adolescents is lower than in Western children and adolescents. Sugars from milk and fruits correlate with a decreased risk of obesity in Asian girls from this cross-sectional study. Dietary sugar intake should be monitored continually and further prospective studies examining the relationship between dietary sugar intake and obesity are necessary. 
